A final state wave function of multiple scattering theory developed by Das and seal is utilized in the present study to calculate the triple differential cross sections (TDCS) for the ionization of metastable 3S state hydrogen atoms at incident electron energy of 250 eV with the exchange effects in the asymmetric coplanar geometry for various kinematic conditions. Our present calculation results are compared with the available hydrogenic ground state experimental data and other existing theoretical results. A good qualitative agreement is shown with those of compared results of the present study specifically with hydrogenic ground state experimental data and metastable 2S and 2P state with exchange effect results. These new results offer an extensive scope for experimental verification in such ionization process.
Introduction
Bethe [1] was first introduced the theoretical non-relativistic studies for the atomic ionization problems. The triple differential cross-section (TDCS) in electron hydrogen atom ionization collision has become increasingly interesting over the last four to five decades both theoretically and experimentally for relativistic [2] - [9] as well as for non-relativistic energies [10] - [21] . Triple differential cross-section (TDCS), measured in (e, 2e) coincidence experiment investigated first by Ehrhardt et al. [22] and Amaldi et al. [23] . After that many researchers have been successfully investigated such experiments in a large extent for ioniza-tion process theoretically both in ground state [16] [24]- [32] and metastable state [33] - [43] of atomic hydrogen by electron and positron impact.
The first theoretical calculation of direct scattering amplitude of the TDCS for the coplanar asymmetric ionization of hydrogenic metastable 2S-state by electrons was calculated by Vučič et al. [20] in the coplanar asymmetric geometry.
The present study of triple differential cross-section (TDCS) for ionization of metastable 3S state hydrogen atoms by electron exchange were never studied experimentally and theoretically. A few theoretical calculations for the TDCS of metastable 2S and 2P [45] - [50] state hydrogen atoms by electron exchange are observed. The theoretical results of Del et al. [21] , BBK model [34] , and the absolute data [15] for the ionization of hydrogen atoms by electrons from ground state have been considered in the present work for comparison.
The purpose of our present work is to calculate the triple differential cross sections (TDCS) for the electron impact ionization of hydrogen atoms in the metastable 3S state for coplanar asymmetric geometry with exchange effects. The present results give an interesting good qualitative fitness with the hydrogenic ground state ionization experimental data and some other hydrogenic ground state theoretical results as well as hydrogenic metastable 2S state and 2P state results. The new observation created a new dimension in this field of research.
Theory
We have considered here the direct and exchange amplitude of the T-matrix element. The T-matrix element for ionization of hydrogen atoms by electrons [17] can be written as,
Here the perturbation potential
For hydrogen atom nuclear charge (Z) = 1, 1 r and 2 r are the distance of the two electrons from the nucleus and 12 r is the distance between the two electrons. The initial channel unperturbed wave function is, 
where ( ) 
where The direct scattering amplitude ( )
The exchange scattering amplitude is then approximated by
After analytical calculations using Lewis Integral [44] , the triple differential cross-sections (TDCS) with exchange effects is finally takes the following form,
Here 1 E is the energy of the ejected electron. Hence, in our present study we have calculated the TDCS with exchange effects, given by the Equation (14) using computer programming language.
Results and Discussions
We have discussed here in this section the ionization of metastable 3S state hy- . Theory: Full filled double curve reflects the present calculation of 3S state with exchange effect. Full single curve represent the first born 3S state result [48] . Dash curve shows the second born 2P state result [47] . Short dash curve focuses hydrogenic ground state second born result [21] ; Dash-dotted curve shows hydrogenic ground state BBK model [34] and filled round shows hydrogenic ground state experiments [15] . [48] . Dash curve shows the second born 2P state result [47] . Short dash curve focuses hydrogenic ground state second born result [21] ; Dash-dotted curve shows hydrogenic ground state BBK model [34] , dash-dotted curve reflects the second born 2S-state result [38] and square shows hydrogenic ground state experiments [15] . Theory: Full curve reflects the present calculation. Dash curve represent the first born 3S-state result [48] . Short dash curve shows the second born 2P-state result [47] . Dash-dot curve exhibits the hydrogenic 2S-state result [38] . Theory: Full curve reflects the present calculation. Dash curve represent the first born 3S-state result [48] . Short dash curve shows the second born 2P-state result [47] . Dash-dot curve exhibits the hydrogenic 2S-state result [38] . Theory: Full curve reflects the present calculation. Dash curve represent the first born 3S-state result [48] . Short dash curve shows the second born 2P-state result [47] . Dash-dot curve exhibits the hydrogenic 2S-state result [38] . Theory: Full curve reflects the present calculation. Dash curve represent the first born 3S-state result [48] . Short dash curve shows the second born 2P-state result [47] . Dash-dot curve exhibits the hydrogenic 2S-state result [38] . Theory: Full curve reflects the present calculation. Dash curve represent the first born 3S-state result [48] . Short dash curve shows the second born 2P-state result [47] . Dash-dot curve exhibits the hydrogenic 2S-state result [38] . Theory: Full curve reflects the present calculation. Dash curve represent the first born 3S-state result [48] . Short dash curve shows the second born 2P-state result [47] . Dash-dot curve exhibits the hydrogenic 2S-state result [38] .
Electron-hydrogen ionization from ground state theoretical results of Dal et al. [21] , the BBK model of Brauner et al. [34] and the experimental results of Ehrhardt et al. [15] are presented here for comparisons. The earlier works of hydrogenic 2S-state [38] ionization results. The recent works on hydrogenic 2P-state [47] ionization results are also exhibited here for comparison with our present work. We have considered here the triple differential cross-sections (TDCS) with exchange effects for the ionization of metastable 3S-state hydrogen atoms by electrons for the incident electron energy of 250 eV i E = and ejected electron energies 1 5 eV E = and 50 eV. The final continuum state of the present work shows a similar but shifted amplitude in the recoil lobe position as the earlier result of hydrogenic ground state second born approximation [21] .
In Table 1 we figure a comparison data for our present result of triple differential cross sections for ionization of hydrogenic 3S state by electron impact with exchange effects with the 2P state exchange results. Open Journal of Microphysics Table 1 . Triple differential cross sections (TDCS) for ionization of atomic hydrogen atoms by electron impact with exchange effects are obtained by Equation (14) at metastable 3S-state. The incident energy is 250 eV, the scattering angle is 2 9 θ = n and the ejected electron energy is 1 5 eV
In Table 1 In Figure 1 we consider the ejected electron energy 1 5 eV E = with a fixed scattering angle 2 3 θ =  and the incident electron energy is 250 eV. It is exciting to observe that our present results show a good qualitative agreement with the compared results of present first born result [48] , the hydrogenic ground state result of BBK model [34] , the second born approximation [21] , the experimental data [15] and the second born experiment of 2P-state [47] exchange effects results. Our present result shows a fall in the recoil region and two prominent peaks in binary region.
We consider for Figure 2 When we increase our scattering angle in Figure 6 our present result and the present first Born result remains same and give a good qualitative agreement with the compared 2P state exchange result [47] .
In Figure 7 our present TDCS exchange curve shows a very interesting result.
It exhibits two falls in recoil region whereas the compared 2S state exchange result [38] there is only one fall in the recoil region. The result shows a bit different from 2P state exchange result [47] .
In the Figure 8 and Figure 9 the magnitude of the present results smaller than the present first Born results [48] . The characteristic features of the cross section
curves of the present calculation shows a good improvement comparing with the previous results as the scattering angles are increasing.
The present result of 3S-state exchange effects gives a good qualitative improvement comparing with the previous 2S and 2P state exchange effect results.
The present result also show a similar conduct with the hydrogenic ground state result [21] in the binary region. Moreover there needs more experimental works in this field for further investigation. 
Conclusion
Our present calculation on the triple differential cross sections for ionization of atomic hydrogen by electron impact with exchange effects in metastable 3S-state exposes a thinkable additional structure of the cross-section curves for small momentum transfer in the ionization of the hydrogen atoms. The final state 
